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Abstract
Objectives—The occurrence of a lingual
paralysis after unilateral upper motor
neuron lesions is an infrequent clinical
phenomenon, and the underlying patho-
physiological mechanisms are poorly un-
derstood. We studied the cortical motor
representations of ipsilateral and contral-
ateral lingual muscles in healthy controls
and in a selected group of stroke patients,
to clarify the variable occurrence of a lin-
gual paralysis after recent monohemi-
spheric ischaemia.
Methods—A special bipolar surface elec-
trode was used to record the ipsilateral
and contralateral compound muscle ac-
tion potentials (CMAPs) from the lingual
muscles after transcranial magnetic stim-
ulation (TMS) of the human motor cortex
and peripheral electrical stimulation
(PES) of the hypoglossal nerve medial to
the angle of the jaw. Four patients with a
lingual paralysis (group 1) and four pa-
tients with symmetric lingual movements
(group 2) after monohemispheric first
ever stroke were studied and compared
with 40 healthy controls.
Results—In controls, TMS of either hemi-
sphere invariably produces CAMPs in the
ipsilateral and contralateral lingual mus-
cles, elicited through crossed and
uncrossed central motor pathways, res-
pectively. In the 40 healthy controls, TMS of
either hemisphere elicited CMAPs of sig-
nificantly greater amplitudes and shorter
onset latencies from the contralateral mus-
cles compared with the ipsilateral re-
sponses (p<0.0001). In the patient groups,
TMS of the aVected hemisphere failed to
evoke any CMAP from either lingual side;
TMS of the unsevered hemisphere always
produced normal ipsilateral and contralat-
eral responses, irrespective of whether the
ipsilateral muscles were paralysed or not.
Conclusions—Bilateral crossed and un-
crossed corticonuclear projections are
invariably existent in humans. After uni-
lateral interruption of these pathways,
some people do exhibit a lingual paralysis
whereas others do not. The development
of a central lingual paralysis is most likely
dependent on the ability of the unsevered
hemisphere to utilise the pre-existent
uncrossed motor projections. The variable
availability of these pathways among indi-
vidual subjects is in good agreement with
the inconstant occurrence of a lingual
paralysis after restricted monohemi-
spheric lesions.
(J Neurol Neurosurg Psychiatry 1998;65:755–761)
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The occurrence of a unilateral lingual paralysis
is usually ascribed to a lesion of the hypoglossal
nerve or its nucleus within the brainstem. Uni-
lateral upper motor neuron lesions are rarely
mentioned according to the models of a
bihemispheric, symmetric central innerva-
tion.1–3 However, a unilateral lingual paralysis
can be the presenting feature of a restricted
monohemispheric lesion.4–7 The underlying
pathophysiological mechanisms are not fully
understood, as the exact patterns of central
innervation have not yet been fully elucidated.
The models of symmetric central innervation
cannot explain this phenomenon, as a symmet-
ric innervation should provide a symmetric lin-
gual function after unilateral loss of cortical
control. A centre for controlling ipsilateral and
contralateral lingual movements located in the
dominant hemisphere2 3 also seems unlikely, as
a lesion of this centre would lead to a bilateral
and symmetric paralysis of the lingua, whereas
a lesion of the non-dominant hemisphere
should not be clinically apparent.7 This sup-
ports a model of an asymmetric rather than
symmetric central innervation and gives rise to
the question whether each hypoglossal nucleus
is under an asymmetric control of both
hemispheres, or exclusively under control of
the contralateral hemisphere.

The present study aims to assess the patterns
of central innervation to clarify the mecha-
nisms of a central lingual paralysis after a
monohemispheric lesion by using functional
testing with transcranial magnetic stimulation
(TMS) of the motor cortex and peripheral
electrical stimulation (PES) of the hypoglossal
nerve medial to the angle of the jaw. Transcra-
nial magnetic stimulation of the human motor
cortex is a non-invasive tool to assess the func-
tional integrity of the fast conducting central
motor pathways.8 9 A single magnetic stimulus
evokes responses in limb muscles and in mus-
cles supplied by cranial nerves.10–16 The lingual
muscles have been shown to be easily excited
by magnetic stimulation of the motor cortex.6 12

Forty healthy controls and a selected group of
eight patients with monohemispheric stroke
were investigated in the present study using a
distinct stimulation and recording procedure.

Subjects, patients, and methods
HEALTHY CONTROL SUBJECTS AND PATIENTS

Forty healthy subjects (20 men, 20 women; 20
right handed, 20 left handed) with a mean age of
39 (range 23–77) years and eight patients (four
men, four women) with a mean age of 67 (range,
47–78) years volunteered with informed consent
for the experiments. Inclusion criteria were: (1)
monohemispheric, first ever stroke; (2) Cerebral
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MRI or CT documenting the restricted unilat-
eral hemispheric lesion; (3) bilateral absent
responses after TMS of the severed hemisphere;
(4) presence of a lingual paralysis (four patients,
group 1), absence of a lingual paralysis (four
patients, group 2).

The patients underwent physical and neuro-
radiological examination at the time of the TMS
study in the scope of the usual diagnostic proce-
dure. A unilateral lingual paralysis was defined
as being present, when the tip of the protruded
tongue repeatedly deviated more than 10 mm
from the midline. Exclusion criteria were large
hemorrhagic infarction, severe neurological dis-
eases other than stroke, epileptic seizures, sinus-
caroticus syndrome, patients after neurological
surgery, patients with a cardiac pacemaker, and
patients with dementia, severe aphasia, or cogni-
tive disturbances making them unable to follow
instructions or to give informed consent. The
handedness was assessed using the Edinburgh
handedness inventory.17

STIMULATION AND RECORDING PROCEDURE

The exact stimulation and recording technique
has been described in detail previously.6 To
stimulate the hypoglossal nerve medial to the
angle of the jaw, a high voltage low output
impedance stimulator (Digitimer D180A, maxi-
mal output 1500 V, decay time of 50 µs) and
bipolar pad electrodes soaked in saline with an
interelectrode distance of 1.5 cm were used.
Adhesive ground electrodes were placed on both
cheeks. The stimulus strength was increased
stepwise up to a supramaximal intensity.

The motor cortex was excited by a magnetic
stimulator (MagLite, Dantec) with a maximum
output voltage of 1.8 kV and a peak magnetic
field of 1.9 Tesla according to the manufactur-
er’s specifications. A focal figure of eight
stimulus coil of 60 mm mean diameter each
wing (MC B70, Dantec) was used for a
detailed map of ipsilateral and contralateral
cortical motor representations, and to assess
the influence of various stimulus intensities and
the amount of voluntary preinnervation on
CMAP amplitudes and latencies in a control
subject. A circular coil of 70 mm mean
diameter (MC 125, Dantec) was used in the 40
healthy controls to establish normative data,
and for the investigations performed in the two
patient groups. The coils were always held in
the same direction with the handle pointing
occipitally, and held parallel to the midsagittal
line. When TMS of the aVected hemisphere
failed to elicit any CMAP in the patient group,
the stimulus intensitiy was increased up to the
maximal stimulator output.

Simultaneous surface recordings from both
sides of the lingual muscles were taken with two
pairs of silver-silver chloride disc electrodes at a
longitudinal and lateral between electrode dis-
tance of 25 mm and 20 mm respectively. They
were fixed in arrangement, and embedded in a
polyvinyl chloride mouthpiece adapted to the
oral cavity. The mouthpiece was placed on the
upper surface of the lingua, and the subjects
were asked to hold the end of the mouthpiece
between their teeth while closing their lips, and
to push the lingua tightly against the electrodes

and their lower teeth. The four electrodes were
connected to the amplifier to allow synchronous
bipolar registration of ipsilateral and contralat-
eral CMAPs from either lingual half.

The responses were amplified and recorded
with a Dantec Counterpoint MK 2 system with
bandpass filter from 3 Hz to 6 kHz. At least
four subsequent responses were recorded for
further analysis. The latencies were measured
to the first negative deflection from the
baseline, and the amplitudes were evaluated
peak to peak. As the ipsilateral and contralat-
eral CMAPs after TMS showed the inherent
variation typical of cortically evoked responses,
the shortest reproducible latency and the
greatest amplitude out of at least four re-
sponses were taken for evaluation.

DATA ANALYSIS

The following parameters were analysed: (1)
distal latency and amplitude of the CMAP after
peripheral elictrical stimulation of the hy-
poglossal nerve medial to the angle of the jaw;
(2) ipsilateral and contralateral corticomuscu-
lar latency and amplitude of the CMAP after
TMS; (3) crossed and uncrossed corticoangu-
lar conduction time (CACT), which was
calculated by substracting the distal latency
from the corticomuscular latency.

STATISTICAL ANALYSIS

Amplitudes, latencies, and corticoangular con-
duction times were assessed by analysis of
variance (ANOVA). The grouping factor was
handedness and sex. Age was dichotomised
above and below the median of 35.5 years. The
within subject factors were stimulation side and
recording side. The analysis was conducted
using statistical analysis system SAS version
6.12 for Windows, general linear model (GLM)
program. All p values were considered signifi-
cant if <0.05.

Results
The bipolar surface electrode with two separate
pairs for each side of the lingua usually allowed
separate CMAP recordings without major inter-
ference from the other lingual side. Occasion-
ally, PES of the hypoglossal nerve also elicited
responses in the contralateral lingual muscles,
despite a careful positioning of the mouthpiece
in the midline. These responses showed a sharp
initial negative deflection from the baseline and
were of identical onset latencies compared with
the ipsilateral responses. The contralateral am-
plitude usually remained below 20% except for
one subject, in whom it reached 64% of the ipsi-
lateral CMAP amplitude. Likewise, a similar
crossover of the response from one side to the
other seems possible after TMS. Thus the
ipsilateral responses after TMS may partially be
derived from the contralateral lingual side in
these cases, thereby misrepresenting CMAPs
solely propagated via the uncrossed corticonu-
clear projections. However, to provide an appro-
priate estimation of these pathways, a peripheral
crossover of the CMAP must be excluded after
cortical stimulation.18 As a consequence, sub-
jects with bilateral identical onset latencies after
TMS were not included in this series, when a
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peripheral crossover was obvious after PES (six
subjects).

OPTIMAL COIL POSITION (CIRCULAR COIL, FIGURE

OF EIGHT COIL)

For motor cortex stimulation, the optimal
positioning of the circular coil was evaluated by
mapping 72 stimulation points over the scalp.
The centre of the coil was moved in steps of 10
mm over the hemisphere so as to make the 70
mm diameter coil roughly cover the primary
motor fields of the tongue.19 With a constant
stimulus intensity (50% of the maximal stimu-
lator output) with the current in the coil flow-
ing counterclockwise as viewed from above for
the left hemisphere and vice versa, a mean
amplitude from four responses was determined
for each stimulation point. The optimal
position was defined as the one in which TMS
elicits CMAPs of maximal amplitude in the
ipsilateral and contralateral target muscle and
was found when the coil was centred between 0
cm and 4 cm anterior and 4 cm to 6 cm later-
ally of the vertex. Coexcitation of the contra-

lateral hemisphere was ruled out by moving the
stimulus coil from the optimal stimulation site
gradually to the vertex using a constant stimu-
lus intensity (50% of the maximal stimulator
output). Stimulation near the midline did not
induce CMAPs on either lingual side.

To assess the ipsilateral and contralateral cor-
tical motor output patterns, a detailed map was
performed with a more focal figure of eight coil
by stimulating 96 points over the left hemisphere
in a control subject. With a constant stimulus
intensity (50% of the maximal stimulator
output), a mean amplitude from four responses
was determined for each stimulation point. Fig-
ure 1 illustrates the map of crossed and
uncrossed cortical motor projections of the left
hemisphere in a healthy control subject.

STIMULUS INTENSITY AND VOLUNTARY

BACKGROUND INNERVATION (FIGURE EIGHT COIL)

At the optimal coil position, the influence of
diVerent stimulus intensities on ipsilateral and
contralateral CMAP latencies and amplitudes
was assessed in a control subject. A stimulus
intensity of 35% was suYcient to evoke more
than three CMAPs out of five stimuli in the
contralateral lingual muscles, but was not suY-
cient to produce more than two responses from
the ipsilateral side. By contrast, ipsilateral and
contralateral CMAPs were readily obtained by
increasing the stimulus intensity in steps of 5%
up to the maximum stimulator output.

The average CMAP amplitude and latency
out of eight responses was determined for a
stimulus intensity of 20%, 40%, 60%, 80%,
and 100% of the maximum stimulator output.
Increasing the stimulus intensity led to shorter
CMAP onset latencies and to greater CMAP
amplitudes bilaterally (fig 2). The average
decrease in onset latency by increasing the
intensity from 40% to 100% of the maximal
stimulator output was 2.1 ms and 1.4 ms for
the crossed and uncrossed responses, respec-
tively. With a stimulus intensity of 60% and
70%, CMAPs with 50% of the maximal
CMAP amplitude were obtained from the con-
tralateral and ipsilateral lingual muscles, re-
spectively. The contralateral responses showed
greater CMAP amplitudes and shorter onset
latencies compared with the ipsilateral re-
sponses at various stimulus intensities.

The influence of the amount of voluntary
background preinnervation on ipsilateral and
contralateral CMAP amplitude and latency was
assessed at various preinnervation levels in a
control subject. The proband was asked to hold
the mouthpiece between his teeth while closing
his mouth, and to push the tongue with maximal
eVort (100%) against the electrodes and his
lower teeth during cortical stimulus application.
The subject was then asked to reduce the activ-
ity to roughly 75%, 50%, and 25% of the maxi-
mal voluntary activity. An online rectified visual
and an acoustic EMG signal served as feedback
for the amount of voluntary muscle activation.

The average CMAP amplitude and latency
out of eight stimuli were determined for each
level of activation. Increasing the background
preinnervation led to greater CMAP ampli-
tudes and shorter onset latencies, but a

Figure 1 Amplitudes of the CMAPs elicited via crossed and uncrossed cortical projections
by transcranial magnetic stimulation of the left hemisphere in a control subject. Each bar
represents the average value of four subsequent CMAP amplitudes. The position of the
centre of the coils (intersection of the wings) relative to the vertex is indicated.

Figure 2 Amplitudes of the CMAPs elicited in the right (dark bar) and left (bright bar)
lingual muscle by transcranial magnetic stimulation of the left hemisphere are related to
diVerent stimulus intensities (% of maximum stimulator output). Each bar represents the
average value of eight subsequent responses.
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preinnervation above 75% of the maximal
activity made identification of the exact CMAP
onsets diYcult due to the sizeable background
EMG activity. The average decrease in CMAP
onset latency by increasing the voluntary activ-
ity from 25% to 75% of the maximal activity
was 1.4 ms and 1.0 ms for the crossed and
uncrossed projections, respectively. CMAPs
with amplitudes up to 50% of the maximal
CMAP amplitude were obtained at preinner-
vation levels of roughly 25% and 50% for the
crossed and uncrossed motor projections,
respectively. The contralateral responses
showed greater CMAP amplitudes and shorter
onset latencies compared with the ipsilateral
responses at various preinnervation levels.

HEALTHY CONTROLS

In the 40 healthy controls, cortical stimulation
of either hemisphere invariably produced
ipsilateral CMAPs with amplitudes averaging
roughly 70% of the contralateral responses,
and in five subjects the maximal amplitude was
even greater on the ipsilateral lingual side. Fig-
ure 3 illustrates typical ipsilateral and contral-
ateral CMAPs evoked after TMS of the right
hemisphere in a control subject. The average
crossed corticomuscular latency in the control
group was 7.9 (SD 0.83) ms (range 6.4
ms-10.0 ms) and the average uncrossed latency
was 8.6 (SD 1.30) ms (range 6.9 ms-12.5 ms).
The average crossed amplitude was 3.0 (SD
1.40) mV (range 1.2 mV-9.3 mV) and the
average uncrossed amplitude was 2.0 (SD
0.90) mV (range 0.5 mV-5.1 mV). The
responses elicited in the contralateral lingual
side showed a significantly greater mean
CMAP amplitude (fig 4 B), a shorter mean
onset latency (fig 4 A), and a shorter mean cor-
ticoangular conduction time when compared
with the ipsilateral responses (p<0.0001).
There were no significant diVerences in CMAP
amplitudes and latencies for age, sex, handed-
ness, or stimulation side after TMS or PES
(p>0.05). The upper and lower limits of
normal for distal latency, ipsilateral, and
contralateral corticomuscular latencies, corti-
coangular conduction times, and CMAP am-
plitudes were defined as the average values ±2
SD, respectively. Table 1 summarises the laten-
cies, conduction times, and amplitudes of the
CMAPs obtained after TMS and PES in 40
control subjects (80 sides).

Figure 3 Motor evoked potentials recorded from the left
(upper traces) and right (lower traces) lingual side after
transcranial magnetic stimulation of the right hemisphere in
a control subject. The numbers indicate the the latencies of
the CMAP onset in ms (two responses superimposed).

Figure 4 Crossed (left) and uncrossed (right)
corticomuscular latency (A) and CMAP amplitude (B)
evoked by transcranial magnetic stimulation of the motor
cortex in 40 control subjects. Each bar represents the
average value of 80 responses; error bar=SD
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Table 1 Motor evoked potentials from lingual muscles in 40 control subjects (80 sides)

Stimulus site

Angular right Angular left Cortical left Cortical left Cortical right Cortical right

Recording side Right Left Right Left Right Left
Latency (ms):

Range 2.0–3.3 1.9–3.1 6.4–10.0 6.9–12.5 6.9–12.0 6.5–9.4
Mean (SD) 2.3 (0.32) 2.2 (0.24) 7.9 (0.92) 8.7 (1.29) 8.5 (1.31) 8.0 (0.73)

Amplitude (mV):
Range 3.8–19.8 2.2–14.0 1.3–9.3 0.8–4.2 0.5–5.1 1.2–7.4
Mean (SD) 8.9 (3.24) 8.3 (2.61) 3.2 (1.49) 2.0 (0.84) 2.0 (1.0) 2.8 (1.30)

CACT (ms):
Range 3.6–7.8 4.4–10.2 4.3–9.9 4.1–7.3
Mean (SD) 5.7 (1.06) 6.5 (1.32) 6.3 (1.45) 5.8 (0.74)

Relative amplitudes (%):
Range 11.6–100 8.5–89.4 5.0–72.9 14.8–100.0
Mean (SD) 38.8 (20.31) 27.6 (16.37) 24.5 (15.0) 37.7 (21.89)

CACT = corticoangular conduction time.
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PATIENTS

The eight patients showed a monohemispheric
ischaemia as confirmed by CT. In four patients,
a deviation of the lingua was present, and was
always directed towards the side of the
hemiparesis (group 1). By contrast, a symmet-
ric lingual function was obvious in the remain-
ing four patients (group 2). The average time
interval between the stroke and the electro-
physiological investigation was 10 days, rang-
ing from 1 to 30 days after the acute event. In
both patient groups, TMS of the aVected
hemisphere failed to evoke any response from
either lingual side despite maximal stimulus
intensities. Stimulating the unsevered hemi-
sphere always disclosed normal ipsilateral and
contralateral responses. The average CMAP
amplitude and the average corticomuscular
latency of the patients after TMS of the
unsevered hemisphere are illustrated in fig 5 A
and B.

In the patients of group 1, the average
crossed corticomuscular latency after TMS of
the unsevered hemisphere was 7.0 (SD 0.42)
ms (range 6.50 ms-7.50 ms) and the average
uncrossed latency was 8.48 (SD 1.23) ms
(range 7.10 ms-10.0 ms). The average crossed
amplitude was 2.33 (SD 1.14) mV (range 1.20
mV-3.70 mV), and the average uncrossed
amplitude was 1.30 (SD 1.0) mV (range 0.70
mV-2.80 mV). In the patients of group 2, the
average crossed corticomuscular latency was
7.90 (SD 0.62) ms (range 7.40 ms-8.80 ms)
and the average uncrossed latency was 9.03
(SD 0.80) ms (range 8.20 ms-9.80 ms). The
average crossed amplitude was 2.10 (SD 2.35)
mV (range 0.60 mV-5.60 mV) and the average
uncrossed amplitude was 1.80 (SD 1.59) mV
(range 0.60 mV-3.60 mV). Electrical stimula-
tion of the hypoglossal nerve medial to the
angle of the jaw (PES) always elicited normal
responses bilaterally.

Figure 6 shows typical CMAPs evoked by
TMS in a patient with a left cortical ischaemia
who presented a deviation of the lingua to the
right. Table 2 gives the latencies, amplitudes
and the corticoangular conduction times of the
CMAPs elicited from the lingual muscles by
PES and TMS for each of the eight patients.

Figure 5 Crossed (left) and uncrossed (right)
corticomuscular latency (A) and CMAP amplitude (B)
evoked by transcranial magnetic stimulation of the
unsevered hemisphere in the eight patients. Each bar
represents the average value of eight responses; error
bar=SD.
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Figure 6 Motor evoked potentials from the left (upper traces) and right (lower traces)
lingual side after transcranial magnetic stimulation of the left (left traces) and right (right
traces) motor cortex in patient No 2 with a left hemispheric ischaemia. The numbers
indicate the the latencies of the CMAP onset in ms (two responses superimposed).

Table 2 Motor evoked potentials from lingual muscles

Patient No
(sex, age)

Lingual
paralysis

Angular stimulation Crossed responses Uncrossed responses

Recording
side

Latency
(ms)

Amplitude
(mV)

Latency
(ms)

Amplitude
(mV)

CACT
(ms)

Latency
(ms)

Amplitude
(mV)

CACT
(ms)

1 (F, 75) Yes Right 2.0 8.2 7.1 3.7 5.1 NR* NR* NR*
Left 2.4 6.8 NR* NR* NR* 8.8 2.8 6.4

2 (F, 67) Yes Right 2.0 2.9 NR* NR* NR* 8.0 0.9 6.0
Left 2.2 6.0 6.9 2.8 4.7 NR* NR* NR*

3 (F, 47) Yes Right 2.2 6.1 6.5 1.2 4.3 NR* NR* NR*
Left 2.0 9.1 NR* NR* NR* 7.1 0.8 5.1

4 (M, 63) Yes Right 2.2 5.6 7.5 1.6 5.3 NR* NR* NR*
Left 2.4 5.1 NR* NR* NR* 10.0 0.7 7.6

5 (M, 77) No Right 2.4 4.3 NR* NR* NR* 10.4 0.3 7.8
Left 2.6 5.2 7.8 0.6 5.2 NR* NR* NR*

6 (F, 78) No Right 2.6 4.2 NR* NR* NR* 9.1 0.6 6.5
Left 2.4 3.1 7.6 1.3 5.2 NR* NR* NR*

7 (M, 77) No Right 2.6 2.6 NR* NR* NR* 9.8 1.2 7.2
Left 2.8 3.8 8.8 0.9 6.0 NR* NR* NR*

8 (M, 58) No Right 2.7 6.4 7.4 5.6 4.7 NR* NR* NR*
Left 2.6 7.4 NR* NR* NR* 8.2 3.6 5.6

*Abnormal response. CACT=corticoangular conduction time.
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Discussion
The occurrence of a unilateral lingual paralysis
after a restricted monohemispheric lesion has
been reported previously.4–7 16 The pathophysi-
ology of this infrequent and inconstant clinical
phenomenon is still a matter of discussion, as
the exact patterns of central innervation of the
lingua are not well elucidated yet. The presence
of a lingual paralysis after a restricted lesion of
the contralateral hemisphere is evidence of an
asymmetric rather than symmetric central
innervation and gives rise to the question
whether each hypoglossal nucleus is under the
control of both hemispheres or exclusively
under control of the contralateral hemisphere.
Unilateral lingual seizures due to focal epileptic
cortical discharges20–22 and the existence of a
unilateral opercular syndrome23 suggest unilat-
eral corticonuclear projections. By contrast,
unilateral stereotaxic stimulation studies of the
motor cortex24 or of the capsula interna25 26

induced bilateral movements of the lingua,
pointing to bilateral corticonuclear projections.
This was also shown with non-invasive TMS of
the motor cortex in humans, as stimulation of
either hemisphere produces CMAPs in the
contralateral and ipsilateral lingual
muscles.6 7 14 15 27

The invariable existence of bilateral cortico-
nuclear projections in humans was confirmed
in the present study with a circular coil and by
using a more focal figure of eight stimulating
coil. As a relevant coexcitation of the contralat-
eral hemisphere was excluded, and as a crosso-
ver of the CMAP from one lingual side to the
other was ruled out, the contralateral and ipsi-
lateral responses could be identified as CMAPs
elicited through crossed and uncrossed central
motor pathways, respectively.

At very low stimulus intensities, contralateral
but not ipsilateral CMAPs were obtained.
Increasing the stimulus intensity invariably
produced ipsilateral and contralateral CMAPs.
The contralateral responses showed greater
CMAP amplitudes and shorter onset latencies
when compared with the ipsilateral responses,
irrespective of the coil position, stimulus inten-
sity, or amount of voluntary preinnervation of
the target muscles. In the 40 healthy controls,
important ipsilateral central innervation was
found, and in five subjects, even greater
responses were evoked when stimulating the
ipsilateral hemisphere. Nevertheless, the aver-
age amplitude of the CMAPs was significantly
greater and the average corticomuscular la-
tency and corticoangular conduction time was
significantly shorter when elicited through
crossed projections compared with the un-
crossed responses (p<0.0001). These findings
are further evidence of the existence of crossed
and uncrossed corticonuclear projections to
the lingual muscles in humans and indicate
that the crossed projections seem to be stronger
in most people.

This assumed functional dominance of the
crossed projections in voluntary activation of the
lingua was clinically obvious in the four patients
of group 1 who presented a unilateral lingual
paralysis after their monohemispheric ischae-
mia. Transcranial magnetic stimulation of the

aVected hemisphere failed to evoke any CMAP
from either lingual half. Cortical stimulation of
the unsevered hemisphere elicited smaller re-
sponses of longer onset latencies from the
paretic side compared with the responses
obtained from the contralateral muscles. Al-
though the apparent asymmetry in lingual func-
tion was paralleled by an asymmetric CMAP
pattern, it is doubtful whether these electro-
physiological findings are causally related to the
clinical symptom. In fact, the diVerences in
CMAP amplitudes and latencies alone can not
fully explain the development of a unilateral lin-
gual paralysis, as similar CMAP diVerences were
found in the patients with preserved lingual
function. Only one patient showed an inversed
pattern of ipsilateral and contralateral CMAP
amplitudes (patient No 7), but again this patient
presented the typical CMAP latency diVerences
found in group 1 and in the healthy controls.
Nevertheless, the ipsilateral CMAP amplitudes
and latencies were in the normal range in both
patient groups, irrespective of whether the ipsi-
lateral muscles were paralysed or unaVected.

The preserved cortical responses on the
paretic side of the lingua after stimulation of
the unaVected ipsilateral hemisphere is good
evidence for the existence of uncrossed path-
ways that were voluntarily inaccessible during
the acute stage of the disease in the patients of
group 1. Similar discrepancies between volun-
tarily and transcranially evoked muscle activa-
tion have also been found in traumatic spinal
lesions, motor neuron diseases and in cerebrov-
ascular disorders, where no voluntary activa-
tion was possible but muscle activity could be
evoked by reinforcement manoeuvres and by
transcranial magnetic or electrical stimulation
of the motor cortex.28–31 By contrast, it is not
likely that the uncrossed pathways are generally
inaccessible during the acute stage of the
disease, as the great majority of patients with
hemispheric lesions might be expected to
exhibit a lingual paralysis under these condi-
tions. This was shown to be the case in the
patients of group 2 with preserved lingual
function, in whom TMS of the aVected hemi-
sphere failed to evoke any CMAP. Therefore,
the preserved lingual function must be issued
from the unsevered hemisphere in these cases,
hereby proving the functional integrity of the
uncrossed corticonuclear projections.

In summary, it has been shown that bilateral
crossed and uncrossed corticonuclear projec-
tions are invariably existent in humans. After
unilateral interruption of these pathways, some
patients do exhibit a lingual paralysis, whereas
others do not. The development of a central
lingual paralysis is most likely dependent on
the ability of the unsevered hemisphere to uti-
lise the pre-existing uncrossed motor projec-
tions. The variable availability of these path-
ways among subjects is in good agreement with
the inconstant clinical phenomenon of a
lingual paralysis after a restricted monohemi-
spheric lesion.
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